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Abstract 
Wireless sensor network is a kind of network through which the multitudinous 
sensors relates mutually, process and transmit information. It can be used in military 
defense, biomedical, environmental monitoring, disaster relief, counter-terrorism, 
remote control of hazardous area field, etc. So, it has a wide application future. 
The problem of energy sources is always one of the mainly challenges in WSN. It 
is a hot spot in WSN research to maximize lifetime of batteries, which are power 
supplies of sensor nodes, for better supporting data acquisition and transmission. The 
study analyzes battery capacity and its effect factors, provides the suitable expression 
of the battery model which is adopted by this dissertation. Meanwhile, according to 
the discharging feature of the battery, this dissertation designed a battery-based 
routing protocol BAR-HEED, which is considered based on HEED protocol. This 
protocol considers both the battery discharging loss and the remain energy of a node 
during the network processing and cluster heads rotation phases. Meanwhile, the 
protocol uses energy-driven method to rotate cluster-head instead of time-driven 
cluster-head rotation. The simulation results show that, BAR-HEED protocol can 
balance the energy consumption and improve the lifetime of network much better than 
HEED protocol. 
Besides, when the sensor field is far away from the base station, the cluster heads 
are burdened with heavier relay traffic and tend to die much faster, further cause 
unequal energy dissipation among these nodes. To mitigate the problem, this 
dissertation proposes a Long range transmission Energy Efficient Routing Protocol 
(LEERP). The protocol uses a number of relay nodes, which do not engage in 
clustering, to reduce the data transmission distance of CH nodes, furthermore to 
balance the energy consumption among the sensor nodes. In the process of CH 
rotation, besides adopting energy-driven method to rotate cluster heads, LEERP 
protocol limits the rotation only within its own cluster to avoid disturbing the normal 
operation of other clusters with high remain energy. Finally, under the same 
simulation scene, this dissertation provides BAR-LEERP protocol. The simulation 
results show that, putting the battery discharging feature in the energy aware routing 
protocol research can balance the energy consumption and improve the lifetime of 
network better. 
 































第 1 章 绪论..............................................................................................1 
1.1 论文研究背景及意义 .............................................................................................1 
1.1.1 研究背景 ..........................................................................................................1 
1.1.2 论文研究目的和意义 ......................................................................................2 
1.2 研究现状 .................................................................................................................2 
1.3 本文研究内容和基本结构 .....................................................................................5 
1.3.1 本文主要研究内容 ..........................................................................................5 
1.3.2 本文基本结构 ..................................................................................................5 
第 2 章 无线传感器网络路由协议分析 .................................................7 
2.1 无线传感网路由协议的特点 .................................................................................7 
2.2 无线传感器网络路由协议中的关键技术问题 .....................................................7 
2.3 无线传感器网络路由协议的分类 .........................................................................8 
2.3.1 按网络结构分类 ...............................................................................................9 
2.3.2 按协议的应用特征分类 .................................................................................12 
2.3.3 基于分层结构的能量感知路由协议研究现状 .............................................14 
2.4 本章小结 ...............................................................................................................16 
第 3 章 节点电池放电特性分析 ...........................................................17 
3.1 电池理论研究意义及电池模型的分类 ...............................................................17 
3.1.1 研究的意义 .....................................................................................................17 
3.1.2 电池模型分类 .................................................................................................17 
3.2 电池化学电源理论研究 .......................................................................................18 
3.2.1 电池的容量 .....................................................................................................18 
3.2.2 影响电池容量的因素分析 .............................................................................19 















3.3.1 电池模型公式 .................................................................................................20 
3.3.2 电池放电行为分析 .........................................................................................20 
3.4 本章小结 ...............................................................................................................21 
第 4 章 电池感知的路由算法研究与性能仿真 ...................................23 
4.1 HEED 算法简介 ...................................................................................................23 
4.2 电池感知分簇算法 BAR-HEED 设计 ................................................................25 
4.2.1 研究意义 .........................................................................................................27 
4.2.2 算法描述 .........................................................................................................29 
4.2.3 算法流程图比较 .............................................................................................29 
4.3 NS-3 简介 ..............................................................................................................29 
4.3.1 NS-3 体系结构................................................................................................31 
4.3.2 NS-3 网络组件................................................................................................32 
4.4 WSN 仿真平台的搭建 .........................................................................................33 
4.4.1 信道模型 .........................................................................................................33 
4.4.2 PHY 层模型 ....................................................................................................35 
4.4.3 MAC 层模型 ...................................................................................................36 
4.5 电池感知路由算法性能仿真 ...............................................................................38 
4.6 本章小结 ..............................................................................................................42 
第 5 章 用于远距离数据传输的路由协议的研究与性能仿真...........43 
5.1 应用场景和研究意义 ...........................................................................................43 
5.1.1 应用场景 .........................................................................................................43 
5.1.2 能量消耗模型 .................................................................................................44 
5.1.3 研究意义 .........................................................................................................44 
5.2 远距离通信能量有效路由 LEERP 协议的设计 ................................................47 
5.2.1 组网过程 .........................................................................................................47 
5.2.2 数据传输阶段 .................................................................................................49 
5.2.3 路由维护阶段 .................................................................................................50 
5.2.4 LEERP 算法流程图 ........................................................................................50 















5.3.1 仿真场景设置 ................................................................................................51 
5.3.2 LEERP 算法与 HEED 算法仿真性能对比 ...................................................52 
5.4 BAR-LEERP 算法性能仿真 ...............................................................................55 
5.5 本章小结 ...............................................................................................................58 
第 6 章 总结与展望 ...............................................................................59 
6.1 论文的总结 ...........................................................................................................59 

































1.1 Research Background and Meaning ....................................................................1 
1.1.1 Research Background........................................................................................1 
1.1.2 Research Purpose and Meaning ........................................................................2 
1.2 Research Status ......................................................................................................2 
1.3 Main Contents and Dissertation Structure..........................................................4 
1.3.1 Main Contents ...................................................................................................5 
1.3.2 Dissertation Structure ........................................................................................5 
Chapter2 Analysis of Clustering Algorithms in WSN……………7 
2.1 Characteristics of Clustering Protocols in WSN.................................................7 
2.2 Key Technologies of Cluster Protocols in WSN...................................................7 
2.3 Classification of Clustering Protocols in WSN....................................................8 
2.3.1 Classificating According to Network Topology ................................................9 
2.3.2 Classificating According to Application Property...........................................12 
2.3.3 Research Status of Energy Efficient Routing Protocols Based on Hierarchical 
Structure………………………………………………………………………….14 
2.4 Chapter Summary………………………………………………………………16 
Chapter3 Research of Battery Characteristic in WSN……………17 
3.1 Research Meaning of Battery Theory and Classification of Battery Models..17 
3.1.1 Research Meaning ...........................................................................................17 
3.1.2 Classification of Battery Models .....................................................................17 
3.2 Research of Chemical Power Source Theory ....................................................18 
3.2.1 Battery Capacity ..............................................................................................18 
3.2.2 Effecting Factors Analysis...............................................................................19 
3.3 Research of Battery Model Theory ....................................................................20 
3.3.1 Analysis of Battery Discharge Behavior .........................................................20 















3.4 Chapter Summary................................................................................................21 
Chapter4 Research of Battery-aware Routing Algorithm and 
Simulation of Performance……………………………………………23 
4.1 Introduction of HEED .........................................................................................23 
4.2 Design of Battery-aware Routing Algorithm.....................................................25 
4.2.1 Research Meaning ...........................................................................................25 
4.2.2 Discription of Algorithm .................................................................................27 
4.2.3 Camparison of Algorithmic Flows ..................................................................29 
4.3 Introduction of NS3 .............................................................................................29 
4.3.1 Structure of NS3 ..............................................................................................30 
4.3.2 Network Components of NS3 .........................................................................31 
4.4 Simulation Platform Design of WSN..................................................................33 
4.4.1 Channel Model ...................................................................................................33 
4.4.2 PHY Layer Model ...........................................................................................35 
4.4.3 MAC Layer Model ..........................................................................................36 
4.5 Simulation of Performance of Battery-aware Routing Algorithm 
BAR-HEED………………………………………………………………………….39 
4.6 Chapter Summary................................................................................................42 
Chapter5 Research of Long Range Transmission Routing Algorithm 
and Simulation of Performance ………………………………………43 
5.1 Application Description.......................................................................................43 
5.1.1 Application Description...................................................................................43 
5.1.2 Energy Consumption Model............................................................................44 
5.1.3 Research Meaning ...........................................................................................44 
5.2 Design of Longe Range Transmission Energy Efficient Routing Protocol 
LEERP ………………………………………………………………………………47 
5.2.1 Networking Process.........................................................................................47 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
